The total 43 Slovak spring barley genotypes with a year of cultivation or registration from 1938 to 2009 were evaluated in terms of selected parameters like protein, starch, and β-glucan contents. Collection of genetic resources consisted of barley malting qualities such as elite -A, standard quality -B, no malting quality -C and five genotypes of unspecified malting quality. Significant (P < 0.01) influence of genotype and environmental conditions (years) and also genotype × year interaction on protein, starch, and β-glucan content in the barley grain were detected. The highest average protein content was observed in genotypes from the group with undetermined malting quality. The protein and β-glucan contents in older genotypes were higher in comparison with more recent genotypes. The average starch content in both older and modern genotypes in the studied set was nearly identical, which confirms a high quality of the older malting varieties. According to malting quality groups, the highest average value of β-glucan content was in the group of no malting quality (C) and the lowest in the group of best malting quality (A), which is in correspondence with barley malting quality requirements. In individual years differences in the β-glucan content were found among genotypes. Despite the atypical years, good sources of β-glucan were found out along with modern genotypes such as Cyril and older genotypes such as Orbit and Vladan, but also historically old genotypes were created in the year 1946 such as Diosecký 802 and Slovenský Dunajský trh. Our study has confirmed that these genotypes are donors of not only significant agronomic traits but also qualitative properties, usable in the food industry.
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Agriculture (Poľnohospodárstvo), 58, 2012 (3): 99−112 DOI: 10.2478 Barley (Hordeum vulgare L.) is the second mostly represented crop after wheat in Slovakia. Barley covers an area of 136,300 ha (2011). Barley sowing is very important for the national economy; it is grown as a raw material for the food industry, for feeding animals, and for malt production. Currently 57 varieties of spring barley and 24 winter barley varieties are registered in Slovakia; from this 17 varieties are of Slovak origin (List of registered varieties 2011). Although growing of spring barley is connected with brewing, today a renaissance in the use of barley grain as food has been recorded, first of all in developed countries all over the world (Ehrenbergerová 2006) . Here barley is used for production of so-called functional foods. Naked barley has a big role in the food industry, with beneficial nutritional and dietary uses. Its disadvantage is its yield that is lower about 15% in comparison with glumose varieties (Candráková et al. 2000) . Biological and agricultural characters of the currently registered barley varieties fulfil conditions of intensive growing; they are adequately resistant to leaf diseases and have good malting quality and high grain yield (Sleziak 2003) . According to the National Biodiversity Strategy of Slovakia, barley genetic resources include not only modern varieties, cultivars, and hybrids used mostly in agriculture but also drawn varieties, old landraces, ecotypes from widespread plant species. and their natural populations. These so-called historical genetic resources have been used as a store of rare genes. Because the long-time selection of barley was constantly influenced by human needs in terms of nutrition and quality of barley, it causes permanent loss of valuable sources of variability in the germplasm. Typically, many modern varieties of spring barley have relatively narrow genetic basis, and to a certain extent they are similar (Kraic et al. 2004; Psota 2009 ).
Quality of barley grain is a complex character, which is subject to complex genetic conditions, considerably affected by agro-ecological growing conditions and depending on the genotype-environment interaction. Barley grain contains 80-88% of solids and 12-20% of water. The dry matter is composed of nitrogen and nitrogen-free organic compounds and inorganic substances (Sleziak 2003) . To carbohydrate components belong starch and non-starch polysaccharides (cellulose, hemicellulose, rubber substances, and lignin). Starch content (%) is decisive for extract formation, and therefore it is a significant parameter of barley quality. In malting barley, starch content in dry matter moves around 63-65%, and it should not be lower than 60% (Prugar & Hraška 1989) . Starch content depends not only on protein amount but also on the state of growth and sunshine period during the final phases of vegetation. There is a negative correlation between the content of starch and protein in barley grain (Sleziak 2003) .
The most important components of hemicelluloses and gummy substances are in the barley grain β-glucans. From the chemical point of view, β-glucan ([1-3][1-4]-β-D-glucan) consists of glucose units connected by β-(1-3)-and β-(1-4)-glycosidic bonds in variable proportions, most frequently in the ratio 30 : 70. Grains of barley contain the highest amount of β-glucan among all cultivated cereals (Henry et al. 1985) . The average β-glucan content in barley grains is 7.5% in high amylose, 6.9% in waxy, 6.3% in zero amylose waxy, and 4.4% in normal starch types (Baik et al. 2008) . The amount and composition of hemicelluloses and gummy substances and particularly in them containing β-glucans and pentosans depends on growing conditions. Short growing season, high temperatures, and drought during growth increase not only the protein content but also the content of non-starch polysaccharide. The effect of genotype is also significant (Prugar & Hraška 1989) . According to Rey et al. (2009) , 66% of variability in the content of β-glucan can be attributed to the genotype.
A low β-glucan and protein content and contrarily higher content of starch in the grain are desirable for malting barley. β-glucans fulfill the function of building materials in the endosperm cell walls in contrast to starch, which serve as a storage substance. β-glucans stop the entry of enzymes into cells, thus negatively affecting the speed of deciphering of the grain during malting. On the other hand, higher β-glucan content is the most important attribute for barley varieties destined for the human food market (Rey et al. 2009 ). In terms of functional foods, barley β-glucans have a great importance as a health-enhancing ingredient (Huth et al. 2000) . This component significantly supports the immune system, effectively prevents cardiovascular diseases, and protects from excessive physical or mental stress. It also serves as a antibiotic and assists in chemotherapy and radiotherapy (Charalampopoulos et al. 2002) .
Based on the assessment of technological quality of selected parameters such as β-glucan, protein, and starch content in the barley grain, the aim of our work was to identify the potential of historical, later-created, and new Slovak varieties usable for human nutrition and consumption.
MATERIAL AND METHODS
Samples of spring barley grains in 43 genotypes of the Slovak origin within a year of cultivation or registration from 1938 to 2009 were obtained from the Gene Bank SR in PPRC Piešťany (Table 1) . Samples were consequently multiplied and evaluated in the field small-plot trials with the harvest area of 2.5 m 2 , on the experimental basis in Piešťany for two years 2010 and 2011. This experiment was arranged in a randomized block design with two replications. The obtained samples were analyzed for selected parameters of technological quality: β-glucans content [%], protein content [%] , and starch content [%] . The data obtained have been converted to 100% dry weight basis. Collection of genetic resources consisted of barley malting quality as elite -A (13 genotypes), standard quality -B (12 genotypes), non-malting quality -C (13 genotypes) and five genotypes of unspecified malting quality -U (5). After growing, the grains were dried and milled to pass a 0.5 mm screen using Ultracentrifugal Mill (ZM 100, Retsch GmbH & Co. KG, Haan/Germany). Before each analysis they were stored in hermetic boxes under temperatures of 5°C.
Nitrogen content was determined by the Dumas method on the CNS-2000 (Leco Corp., US), and the coefficient 6.25 was applied for recalculation. Starch content was determined by the Ewers polarimetric method (STN 461011-37), and optical activity was recalculated to starch concentration by the coefficient for barley 5.5096. β-glucan level was determined using Mixed-linkage βeta-glucan assay procedure (Megazyme, Ireland) (McCleary 2011). This method is accepted by the AOAC (Method 995.16) and the AACC (Method 32-23). Samples were suspended and dissolved in a 0.02 M sodium phosphate buffer (pH 6.5), incubated with purified lichenase enzyme, and an aliquot of filtrate was reacted with purified β-glucosidase enzyme. The glucose product was assayed using an oxidase/peroxidase reagent recalculated to β-glucan content.
Analysis of data was performed using statistical software (Statistica 8.0, Statsoft, Inc. 2008 ) with analysis of variance (ANOVA) and Pearson's correlation coefficient. Differences were considered significant at P < 0.05, unless otherwise specified.
Experimental fields were situated in the maize production area, a subtype maize-wheat. Altitude is 162 m; soil is Luvic chernozem (World Reference Base for Soil Resources 2006). The humus horizon is around 40-50 cm deep. Soil reaction of top layers is neutral, and it becomes moderately alkaline in deeper layers. Long-term normal precipitation is 595 mm, with an average annual temperature of 9.2°C (years 1961-1990) .
Course of vegetation
Average temperatures during the vegetation of barley in 2010 and 2011 corresponded to the long-term normal. In 2010 during sprouting there was half the amount of precipitation in comparison to the longterm normal. Therefore, the crop was less involved. During the beginning of the heading period the amount of rainfall was three times heavier when compared to the long-term average. Supernormal rainfall extended the heading period for many varieties of barley and caused a high occurrence of diseases, especially powdery mildew.
In 2011, during sprouting precipitation was on an equal level with that of the long-term average. Gradually the precipitation was added at the time of heading and milk ripeness and exceeded the long-term average of more than 40%. There was sufficient rainfall to ensure a rapid increase in leaf area, although it did not Agriculture (Poľnohospodárstvo), 58, 2012 (3) 
RESULTS AND DISCUSSION
It was important to determine the factors affecting the analyzed traits while assessing a total of 43 Slovak spring barley genotypes in terms of selected characteristics. The ANOVA (Table 2 ) detected significant (P < 0.01) influence of genotype and environmental conditions (years) on protein, starch, and β-glucan content in the barley grain. Genotype × year interaction had a statistically significant effect (P < 0.01) on all monitored characters, too.
Protein content is generally considered as the most important parameter of the processing value of malting barley. It can vary within a very wide range (7-18% in dry matter). Good quality malting barleys should have protein content within 10.00-11.5% (Kosař et al. 2000) . The average protein content in the monitored genotypes was higher in the year 2010 (12.36%) in contrast to year 2011, when it was only 10.98% (Table 3 ). The mean value per two years was 11.67%. The distribution of rainfall for barley cultivation is very important. Humidity is needed especially during the stems and grains production, but intensive rainfall increases the nitrogen content (Sleziak 2003) , which resulted in higher protein content in the grain. This observation is confirmed by our results (Figure 2 ). In the year 2010, intensive rainfall during heading and grain production decreased quality of the malting barley, and protein content was highly increased. The average protein content was statistically different in genotypes from the group with undetermined malting quality (12.89%) ( Table 4 ). The average protein content of genotypes from the group of good malting quality (A) was 11.53% and lowest content was in genotypes of non-malting quality (C), 11.23%. These results were affected by extreme humidity during vegetation in the year 2010. In the whole experiment, the value of protein content fluctuated from 8.76% (Jubilant) to 14.85% (Bučiansky Kneifel) ( Figure  2 ). Some genotypes responded very sensitively to the humidity in 2010. For example we recorded the average protein content in Nitran, a malting variety, to be over 14.0%. During the two years we recorded high average protein content at malting quality genotypes of type B (Bučiansky Kneifel -14.34%) and similarly high protein content was recorded in genotypes with undetermined malting quality like in Diosecký Kneifel -13.72% and Terrasol pivovarský -14.4% (Table 5 ). We found out that protein content in older genotypes was higher in comparison with more recent genotypes.
On the other hand, contents of starch and β-glucan were higher during the 2011 vegetation period (Figures  3, 4) . Starch content is decisive for the extract formation, and therefore it is a significant parameter of barley quality. In malting barley, starch content in dry matter moves around 63-65%, and it should not be lower than T a b l e 2 Analysis of variance of protein, starch and β-glucan contents in 43 spring barley genotypes ++ significant at 0.01 probability level (Sleziak 2003) .
Genotypes and experimental years affected variability of the starch content significantly (Table 2) . Atypical humid years influenced the content of starch in barley grain, when the average value of starch content in 2010 was only 53.89% and in 2011 it was 55.82% (Table 3 ). Higher rainfall during grain produce and the ripening period reduced the malting quality. The aver-T a b l e 3 (Figure 3 , Table 3 ). The average value of starch content during years 2010 and 2011 (Table 6 ) ranged from 48.26% (Terrasol pivovarský) to 58.86% (Ezer), which is a very low content. Average starch content in older and modern genotypes in the studied set was nearly identical, which confirms a high quality of older malting varieties in spite of the fact that the breeding aims during the last 10 years have been focused on improving malting quality and thus also increasing starch content. Similar to starch also the β-glucan content ( Figure  4 , Table 3 ) was higher in 2011 (4.43%) compared to 2010 (4.00%). Differences between years and cultivars ( Table 2 ) and interaction of this combination were statistically significant (P < 0.01). In the literature, water stress has been found either to reduce (Macnicol et al. 1993) or to increase (Savin et al. 1996 ) the β-glucan content. According to Zhang et al. (2001) , wet days, associated with lower temperatures, were positively correlated with β-glucan content. The β-glucan is deposited in walls of the endosperm cells during the later stages of grain filling. Thus conditions favorable to endosperm development would increase the accumulation of β-glucan in the grain. High precipitation is unfavorable for endosperm development, and high temperatures may shorten the duration of grain filling. Relatively less β-glucan will be synthesized and accumulated on the walls of the endosperm cells in comparison with total dry matter, mainly starch and protein, leading on the other hand to lower β-glucan content. It can be assumed that similarly in our case the high rainfall in the month of May (Figure 1 Agriculture (Poľnohospodárstvo), 58, 2012 (3): 99−112 quality group (Table 4) , the highest average value of β-glucan content was acchieved in the group C (4.28%), and the lowest in the group of malting quality A (4.12%). According to Baik et al. (2008) , the average β-glucan content was in barley grains of normal starch types (4.4%). In our work, despite this fact there were no strong differences observed in the group; in individual years we found greater differences in β-glucan content among genotypes. In the vegetation period of 2010, the highest content of β-glucan was determined in the genotypes Slovenský Dunajský trh (5.03%) and Horal (4.80%). In 2011, the highest level of β-glucan content was detected in Cyril (5.93%), Diosecký 802 (5.51%), and Diosecký Kneifel (5.25%). However, looking on the average for 2 years, the highest content of β-glucan had the genotype Cyril (5.05%) from of the group C; genotypes Diosecký 802 (4.82%) and Slovenský Dunajský trh (4.83%) from the group A; and Vladan (4.63%) and Orbit (4.58%) from the group B (Table 7) . Havrlentová et al. (2006) confirmed higher β-glucan content in grains of Orbit.
Based on the evaluation, we found out that older genotypes had higher content of β-glucan in comparison with modern genotypes. According to Fastnaught et al. (1996) , higher β-glucan content was also in relation to the effect of the heat and drought. Our monitored growing seasons in 2010 and 2011 were within the normal temperature, but they were very wet, and this negatively affected all three analyzed malting quality parameters in barley.
There is a recognized negative correlation between the content of starch and protein in a grain; by increasing protein content, the values of other parameters decline with the exception of degree of attenuation and diastatic power (Prugar & Hraška 1989) . Higher positive correlations between β-glucan and protein content were observed by Güler et al. (2003) . According to Hang et al. (2007) , simple correlations including the effects of genotype and environmental factors showed that amylose in barley was negatively correlated with β-glucan and protein, but on the other hand β-glucan was posi- Positive correlations between β-glucan and protein and β-glucan and grain plumpness are both advantageous to breeders, as each of these traits is desirable for all end uses involving grain consumption. Other authors observed an opposite trend, negative and statistically nonsignificant relationship between β-glucan and protein content (Saastamoinen et al. 1992; Welch et al. 1989) . Our results correspond with these observations only partially. We observed statistically significant negative correlations (Table 8 ) between the contents of starch and protein (r = -0.775; P < 0.01) and between the contents of starch and β-glucan (r = -0.423; P < 0.01). Between the contents of protein and β-glucan was observed a statistically significant negative correlation (r = -0.344; P < 0.05) too.
CONCLUSION
In the assessment of 43 Slovak spring barley genotypes, we detected significant (P < 0.01) influence of genotype and environmental conditions (years) on protein, starch, and β-glucan content in the grain. GenoAgriculture (Poľnohospodárstvo), 58, 2012 (3) ++ + significant at 0.05 probability level, ++ significant at 0.01 probability level type × year interaction also had statistically highly significant effects on all monitored parameters. Our study showed that monitored growing seasons (2010, 2011) were within the normal temperature but were very wet, and so this negatively affected all three selected malting quality parameters. The average protein content was the highest in the genotypes from the group with undetermined malting quality. We found out that protein and β-glucan contents in older genotypes were higher in comparison with more recent genotypes. Atypical humid years influenced the content of starch in barley grain and reduced the malting quality. The average starch content was lower in all groups and hardly reached 60% in any genotype, even among high quality malting varieties. The average starch content in both older and modern genotypes in the studied set was nearly identical. This confirms a high quality of the older malting varieties. According to malting quality group, the highest average value of β-glucan content was in the group of no malting quality (C), and the lowest in the group with best malting quality (A). In individual years we found differences in the β-glucan content among genotypes. Despite the atypical years we found out that some good sources of β-glucan were newer genotypes such as Cyril (2000), older genotypes such as Orbit (1986) and Vladan (1996) , and also historically old genotypes created in the year 1946 such as Diosecký 802 and Slovenský Dunajský trh. These genotypes, mainly old landraces, are a store of many rare genes and properties, such as resistance to drought and earliness and could be use and destined as a donors of not only significant agronomic but also qualitative properties usable in the food industry.
